Objective Due to their rarity, the endoscopic features and clinical backgrounds of colorectal follicular lymphoma lesions have not yet been fully investigated. The aim of this study was to reveal the characteristics of this disease entity. Methods A database search performed at the Department of Pathology of our institute identified 12 follicular lymphoma patients with involvement in the cecum, colon, and/or rectum. Data regarding the endoscopic, radiological, biological, and pathological examinations performed were retrospectively reviewed from their clinical records. Results The mean age of the patients (5 men, 7 women) was 58.7 years. Five patients were classified as being Lugano system stage I, while the other seven patients were stage IV. In all of the patients, colorectal follicular lymphoma presented with papular (n=4), polypoid (n=4), and flat elevated lesions (n=4). No erosions or ulcers were seen in any of the lesions. The initial pathological diagnoses included extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (n=2) and colitis/proctitis with infiltration of inflammatory cells (n=3), in addition to the correct diagnosis of follicular lymphoma (n=7). Conclusion Colorectal involvement of follicular lymphoma shows no erosions or ulcers. These lesions could be macroscopically observed as papular, polypoid and flat elevated lesions. Making a correct diagnosis of this disease based on the findings of biopsied samples is sometimes challenging. In such cases, multiple biopsies and/or endoscopic mucosal resection is required, in addition to appropriate consultation with pathologists.
Introduction
Follicular lymphoma is the second-most common subtype of non-Hodgkin's lymphomas in Western countries. It has been widely accepted that follicular lymphoma typically arises in the lymph nodes along with spleen, liver, and bone marrow involvement (1, 2) . However, several studies have revealed that follicular lymphoma primarily or secondarily affects the gastrointestinal tract as well (3) (4) (5) . Involvement of the small intestine, especially the duodenum, is a predominant feature of intestinal presentation in follicular lymphoma. The representative endoscopic feature is multiple whitish nodules. In contrast, colorectal involvement is less frequent in cases of follicular lymphoma. For example, Takata and coworkers reported that, among 125 patients with primary intestinal follicular lymphomas, duodenal involvement was found in 111 cases (89%), jejunal involvement in 50 cases (40%) and ileal involvement in 28 cases (22%), whereas involvement of the cecum was seen in only two cases (2%), the colon in one case (1%), and the rectum in two cases (2%) (4) .
Due to the rarity of this disease, the characteristics of the colorectal manifestation have never been investigated, to the best of our knowledge. The purpose of the present study was to reveal the endoscopic features and clinical backgrounds of colorectal follicular lymphoma lesions. We also review the previously reported cases with this disease entity and provide a discussion focusing on its diagnosis.
Materials and Methods
A database search performed at the Department of Pathology of our institute identified 12 follicular lymphoma patients having involvement in the cecum, colon, and/or rectum who were treated at our institute and six collaborating institutions between December 1998 and April 2014. The diagnosis of follicular lymphoma was made according to World Health Organization (WHO) classification system (1, 6) . A histologic diagnosis was done based on the morphologic and immunophenotypic analyses of endoscopically biopsied specimens or endoscopically resected specimens (Fig. 1) . Histopathologic grading was also determined according to the WHO criteria (1). Patients with grade 3 follicular lymphoma were excluded from this study because these cases are typically managed as cases of diffuse large B-cell lymphoma (1) . A subset of the 12 patients examined herein were also subjects of our previous studies (4, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) .
Data regarding the endoscopic, radiological, biological, and pathological examinations performed were retrospectively reviewed using the patients' clinical records. The Lugano staging system for the classification of gastrointestinal lymphoma was used to determine the patients' clinical stages (17) .
Results
The patients' backgrounds are summarized in Table 1 . The cases included five men and seven women, and their mean age was 58.7 years. Five patients were at clinical stage I, and these patients were considered to have primary gastrointestinal follicular lymphoma. Seven patients were at stage IV. These patients were considered to have systemic follicular lymphoma with secondary involvement of the gastrointestinal tract. The colorectal lesions were identified as an initial presentation of primary gastrointestinal follicular lymphoma in three patients and as an initial presentation of systemic follicular lymphoma in five patients. In two patients, a diagnosis of duodenal follicular lymphoma preceded the detection of colorectal lesions. In one patient, colorectal involvement was found during a systemic screening for the diagnosis of multiple lymph node enlargements. The remaining patient presented with gastric and rectal involvements as a recurrence of primary duodenal follicular lymphoma that had been treated with rituximab monotherapy eight years previously.
All patients underwent colonoscopy, and 10 of the 12 patients (83.3%) underwent esophagogastroduodenoscopy. An investigation of the small intestine was performed using enteroscopy in two patients (16.7%). One patient underwent per oral and per anal double-balloon enteroscopy, while the other patient underwent video capsule endoscopy, per oral and per anal double-balloon endoscopy. Based on the definition of the patients' selection criteria, all 12 patients had follicular lymphoma lesions: in the cecum (n=2), colon (n=5), and/or rectum (n=9). Other affected sites included the stomach (n=1), duodenum (n=4), jejunum (n=1), and ileum (n= 2).
On endoscopy, the follicular lymphoma lesions in the cecum, colon, and rectum were observed as elevated lesions in all of the cases. Their macroscopic appearance was categorized into three subtypes as follows: (i) papular type (n=4): multiple small (approx. 1-3 mm), round, slightly elevated (its height is <1 mm) and sessile structures resembling lymphoid follicle hyperplasia (Fig. 2) , (ii) polypoid type (n=4): several protruding structures of various sizes that resembled sessile adenomatous polyps in small-sized lesions and a submucosal tumor in a large-sized lesion (Fig. 3) , (iii) flat elevated type (n=4): plaque-like lesions forming an elevated planar area with various thickness (Fig. 4) . It was noteworthy that no ulcerations or erosions were seen in any of the colorectal follicular lymphoma lesions. Instead, ectasia of the superficial vasculature could be observed by endoscopy in the polypoid lesions and flat elevated lesions.
Initial pathological examinations were performed by endoscopic biopsy in 11 patients and by endoscopic mucosal resection in the remaining patient. In the latter case, the diagnosis of follicular lymphoma in the colorectum was appropriately made based on the endoscopically resected specimens. The initial diagnoses of the other 11 patients included extranodal marginal zone lymphoma of mucosaassociated lymphoid tissue (MALT lymphoma, n=2) and colitis/proctitis with infiltration of inflammatory cells (n=3) in addition to the correct diagnosis of follicular lymphoma (n= 6). 
Discussion
To our knowledge, this is the first report analyzing the macroscopic features of follicular lymphomas with colorectal involvement. Our literature search identified nine case reports in which detailed morphological characteristics were described and endoscopic images were presented (Table 2) (2, 18-25). Among the reported cases, Sasaki et al. described a patient with a collision tumor of follicular lymphoma and adenocarcinoma in the cecum (22) . In this patient, a large tumor (15 cm) was seen by colonoscopy, but the pathological examinations of the resected specimen revealed the adenocarcinoma component to be predominant. The macroscopic appearance of the colorectal lesions in the other eight patients were elevated and could be categorized into three subtypes (papular, polypoid, and flat elevated) except in one patient who presented with a submucosal tumor with ulceration (19) . The pathological grade of the exceptional case was 3a, indicating a more aggressive nature than grade 1 and 2 follicular lymphomas. We thus speculate that a higher grade might have led to the formation of the ulcerative tumor in this case.
The gross appearance of colorectal lymphomas is generally quite diverse. Wang et al. summarized their observations for 13 patients with primary colorectal lymphoma, including diffuse large B-cell lymphoma (n=4), peripheral T-cell lymphoma (n=4), MALT lymphoma (n=3), NK/T-cell lymphoma (n=1), and unclassified lymphomas (n=1) (26) . On colonoscopy, these lymphoma lesions were observed as massive (n=4), ulcerative mucosal (n=4), polypoid (n=3), and erosive mucosal lesions (n=2). Myung et al. reported 36 lesions in 32 patients with B-cell (n=27) and T-cell lymphomas (n=5) as fungating (n=14), ulcerofungating (n=11), infiltrative (n=5), ulceroinfiltrative (n=4), and ulcerative (n= 2) (27) . Meanwhile, Saito et al. reviewed the colonoscopic features of MALT (n=8) and mantle cell lymphomas (n= 8) (28) . The morphology of MALT lymphomas appeared as a solitary protrusion without ulceration (n=3), multiple protrusions (n=3), multiple lymphomatous polyposis (n=1), or solitary protrusion with ulceration (n=1). Mantle cell lymphoma was observed as multiple lymphomatous polyposis (n=6), multiple protrusions without ulceration (n=1), or multiple protrusions with ulceration (n=1). Although 2 (12.5%) of 16 cases had ulceration, the endoscopic images presented in the article by Saito et al. appeared to be similar to our follicular lymphoma cases to some extent. The pathological resemblance between follicular, MALT, and mantle cell lymphoma, all of which are categorized as low-grade B-cell lymphomas, thus seems to be the cause for the similar morphology.
Based on our review of the nine previously reported cases and our 12 cases, we speculate a possible process regarding the development of colorectal follicular lymphoma lesions to be as follows (Fig. 5) . The incipient stage of the disease is probably papular lesions, in which lymphoma cells proliferate and neoplastic follicles are formed (Fig. 5A) . As the number of infiltrated lymphoma cells increases, the papular lesion increases in height and then becomes polypoid (Fig. 5B) . The tumor may grow further until it has a submucosal tumor-like appearance (Fig. 5C ). However, multiple papular lesions may emerge in a particular area. They gradually join together and thereafter form a single flat, elevated lesion (Fig. 5D) . Otherwise, a papular lesion spreads laterally and results in a flat elevated lesion. The thickness of the flat elevated lesion most likely reflects the number of infiltrated lymphoma cells within the lesion (Fig. 5E, F) ; the more lymphoma cells infiltrate, the more the thickness of the colorectal lesion (probably) increases. Of course, the developmental process described herein is only a hypothesis that we simply have assumed based on the morphology of our cases and the previously reported cases, without any pathological evidence or actual observation of such morphologic changes. Although there may be several borderline cases for subcategorization into three subtypes and further studies are required to determine whether histological or clinical differences exist between the three subtypes, we believe that the terminology "papular, polypoid and flat elevated lesions" and the aforementioned hypothetical developmental process may help physicians to promptly detect and diagnose this rare disease.
In the present study, 5 of the 11 patients were misinterpreted as having MALT lymphoma of the colorectum (n=2) or colitis/proctitis with infiltration of inflammatory cells (n= 3) based on the pathological evaluation of endoscopically biopsied specimens. Similar misinterpretations have also been reported (Table 2) (2, 23, 24) . We recently analyzed the diagnostic accuracy of endoscopic biopsies for the diagnosis of gastrointestinal follicular lymphoma lesions, and we found 9/48 patients (18.8%) to not be appropriately diagnosed as having follicular lymphoma at the initial biopsy (10) . The initial pathological diagnoses included MALT lymphoma (n=4), necrotic tissue (n=2), inflammation (n=1), and suspected lymphoma of unspecified subtype (n= 2). Such misinterpretation occurred in the biopsy samples from the duodenum (n=6) and stomach (n=3). The present study further revealed that the colorectal involvement of follicular lymphoma may sometimes be inappropriately diagnosed as colorectal MALT lymphoma or benign inflammation as well.
The differentiation of follicular lymphoma from reactive follicular hyperplasia is sometimes difficult (29) . The colorectum, especially the rectum, can be affected by microorganisms, and such inflammation causes a localized reactive proliferation of lymphoid tissue (30) . For example, endoscopic findings of Chlamydia trachomatis infection include numerous nodular lesions caused by lymphoid follicle hyperplasia (31) , which resemble the neoplastic lymphoid follicles seen in follicular lymphomas to some extent. In order to accurately differentiate neoplastic and non-neoplastic lymphoid lesions, the observation of a fine vascular architecture on narrow-band imaging (32) and a state of autofluorescence son autofluorescence imaging (33) has been reported to be a useful finding for distinguishing intestinal lymphoma from lymphoid hyperplasia. For the pathological analysis, BCL-2 staining is clinically useful because follicular lymphoma cells are positive for BCL-2, whereas lymphoid follicle hyperplasia is negative for BCL-2.
Though appropriate immunostaining is required to make a correct diagnosis of follicular lymphoma, it may be omitted if the possibility of lymphoid follicle hyperplasia or MALT lymphoma occurs to pathologists in a particular case, because the colorectal involvement of follicular lymphoma is relatively infrequent. Another pitfall which can lead to a pathology-based misinterpretation is inappropriately biopsied samples. It is clear that small biopsied samples containing scanty neoplastic follicles and scarce lymphoma cells are likely to lead to a misdiagnosis. In our present study, the diagnosis of follicular lymphoma in the initially misinterpreted cases (n=5) was made by a repeat biopsy or endoscopic submucosal resection, followed by subsequent immunostaining including CD10 and BCL2. Consequently, obtaining adequate specimens for pathological evaluation and an immunohistochemical analysis is essential to make an accurate diagnosis of follicular lymphoma. Endoscopists should ensure that pathologists are informed that a gastrointestinal lesion is suspected to be follicular lymphoma, so that the pathologists can perform adequate immunohistochemical staining.
The pathogenesis of colorectal follicular lymphoma has not yet been elucidated to date. It has been well known that Helicobacter pylori infection and the CagA gene are closely associated with the development of gastric B-cell lymphomas, particularly MALT lymphomas (34, 35) . Other infectious organisms such as Borrelia burgdorferi, Chlamydia psittaci, Campylobacter jejuni, and hepatitis C virus are reportedly also related to the development of non-gastric MALT lymphomas (36) . Among colorectal B-cell lymphomas, previous reports described patients with colorectal MALT lymphoma in whom remission was achieved by antibiotic treatment against Helicobacter pylori (37) . Meanwhile, no virulent factors or organisms have been reported in association with an emergence of follicular lymphoma lesions to date. In this study, our patients were not tested for any organisms, including Helicobacter pylori.
In conclusion, 12 cases of colorectal follicular lymphoma lesions were summarized in this study. Virtually all of the colorectal lesions had no erosions or ulcers, and they could be macroscopically subcategorized into papular, polypoid or flat elevated lesions. Once an endoscopist observes such lesions in the colorectum, a biopsy and a consultation with pathologists to ensure appropriate immunostaining are required in order to accurately detect follicular lymphoma.
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